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Abstract 

Background: Several studies have shown that serum uric acid (UA) is associated with left ventricular (LV) hypertrophy. 
Serum levels of parathyroid hormone (PTH), which has bbe shown to be correlated with UA, is also known to be associated 
with cardiac hypertrophy; however, whether the association between UA and cardiac hypertrophy is independent of PTH 
remains unknown. 

Purpose:^& investigated whether the relationship between serum uric acid (UA) and LV hypertrophy is independent of 
intact PTH and other calcium-phosphate metabolism-related factors in cardiac patients. 

Methods and Results: In a retrospective study, the association between UA and left ventricular mass index was assessed 
among 1 16 male cardiac patients (mean age 65±12 years) who were not taking UA lowering drugs. The median UA value 
was 5.9 mg/dL. Neither age nor body mass index differed significantly among the UA quartile groups. Patients with higher 
UA levels were more likely to be taking loop diuretics. UA showed a significant correlation with intact PTH {R = 0.34, 
P<0.001) but not with other calcium-phosphate metabolism-related factors. Linear regression analysis showed that log- 
transformed UA showed a significant association with left ventricular mass index, and this relationship was found to be 
significant exclusively in patients who were not taking loop and/or thiazide diuretics. Multivariate logistic regression analysis 
showed that log-transformed UA was independently associated with LV hypertrophy with an odds ratio of 2.79 (95% 
confidence interval 1.48-5.28, P = 0.002 per one standard deviation increase). 

Conclusions: Among cardiac patients, serum UA was associated with LV hypertrophy, and this relationship was, at least in 
part, independent of intact PTH levels, which showed a significant correlation with UA in the same population. 
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Introduction 

Several previous studies have shown that subjects with higher 
uric acid (UA) levels more frequently have LV hypertrophy 
[1,2,3]. Serum UA is affected or Knked to various factors that may 
also be associated with LV hypertrophy, including obesity, 
hypertension, insulin resistance, and chronic kidney disease 
[4,5,6,7]. The finding that UA level was associated with LV 
hypertrophy detected by echocardiography independent of renal 
function, blood pressure, or impaired glucose metabolism [8,9], 
although there may be certain gender differences, suggests that the 
association between UA and LV hypertrophy may not merely be 
circumstantial. 

Parathyroid hormone (PTH), a hormone secreted from 
parathyroid glands, raises plasma calcium levels by increasing 
absorption, reducing excretion, and promoting release of calcium 
from bones; in turn, PTH is regulated by the calcium concentra- 



tion in the plasma. Besides its effect on calcium homeostasis, serum 
PTH may have an impact on the development of cardiovascular 
events [10] and may cause an increase in cardiac mass among the 
elderly community-dwelling population [11], although studies on 
whether PTH is associated with cardiac abnormalities, either 
directly or indirecdy via other factors, have not been conclusive 
[12,13]. The findings that hyperuricemia and gout occurred with 
increased frequency among patients with hyperparathyroidism 
[14] and that serum UA was positively associated with serum PTH 
in community-dwelling older men [14,15] suggest that there is a 
relationship between serum UA and PTH. Such an association 
may be further supported by the observations that recombinant 
PTH may induce hyperuricemia [16] and parathyroidectomy 
reduces serum uric acid levels [17]. 

Nevertheless, to the best of our knowledge it seems that whether 
the relationship between serum UA and cardiac hypertrophy, 
when present, is dependent or independent of serum PTH has not 
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been examined. To this end, we have herein investigated, among 
cardiac patients, whether the association between UA and LV 
hypertrophy is dependent on serum PTH levels and other 
calcium-phosphate metabolism-related parameters, including se- 
rum fibroblast growth factor-23 (FGF23), which has also been 
shown to have a link with cardiac hypertrophy [18,19]. 

Methods 

Ethics 

The current retrospective study was approved by the Ethics 
Committee of Osaka Medical College. The study included only 
subjects who provided written informed consent for whom 
sufficient information regarding the data analysis was available. 

Study Population 

Between 2012 January and 2012 December, 138 male cardiac 
inpatients for whom sufficient clinical and echocardiographic 
information was available were enrolled in the current study. 
Among the 138 patients, 21 patients and one patient were taking 
xanthine oxidase inhibitor (aUopurinol) and uricosuric drugs, 
respectively, and were subsequently excluded. As a result, 116 
patients, mean age 65±12 years, were included in the current 
study. 

Laboratory Analysis 

Blood samples were collected in the morning after an overnight 
fast. Aliquots of serum and plasma were obtained and stored at -80 
degrees immediately until use. Ca, IP, C-reactive protein (CRP), 
and B-type natriuretic peptide (BNP) were measured by routine 
laboratory methods. When serum albumin was 4 mg/dL or lower, 
serum Ca levels were corrected by using the formula: Ca-l-(4— 
"serum albumin"), and designated as corrected Ca (cCa). Serum 
levels of intact PTH (iPTH) and 25(OH)D were measured using 
electrochemUuminescence and a competitive protein binding assay 
(Mitsubishi Medience, Tokyo, Japan). Serum levels of intact 
FGF23 were measured using a two-step FGF23 enzyme immu- 
noassay (ELISA) kit (Kainos Laboratories Inc., Tokyo, Japan) 
according to the manufacturer's instructions. Measurement of 
FGF23 was pcrformc'd by two experienc(;d res(;archers in the 
institute: the interc:lass correlation coefficient (ICC) of intra- and 
inter-operator reliability for FGF23 was 0.98 and 0.95, respec- 
tively. The eGFR was calculated by the following Modification of 
Diet in Renal Disease equation modified for Japanese subjects: 
eGFR = 1 94 X (serum creatinine) '■"^*x(age) '^''^'^'^ [20]. Among 
parameters related to calcium-phosphate metabolism, 25(OH)D 
levels were available for 114 patients (98%). 

Echocardiography 

Echocardiographic examinations were performed with a Vivid 
7 Dimension equipped with a multi-frequency transducer (GE 
Healthcare, Vingmed, Norway). Left ventricular end-diastolic 
dimension (LVDd), interventricular septal thickness (IVST) and 
posterior wall thickness (PWT) were measured at end diastole. For 
calculation of the LV mass (LVM), we used the formula proposed 
by Devereux et al. [21] modified as follows: 0.8xl.04x 
[(LVDd+IVST+PWT)''-LVDd'V0-6 [22]. Body surface area 
(BSA) was calculated using the following formula: (body 
weight)"*^"^x(height)"'^"^x0.007184. The LVM index (LVMI) 
was then calculated as the ratio of LVM to BSA. When the LVMI 
was greater than 118 g/m^, LV hypertrophy was defined to be 
present [23]. 

Patients were divided into the following 4 groups according to 
their LVMI and the relative wall thickness (RWT), which was 



calculated as PWTx2/LVDd with a partition value of 0.44 [24]: 
(i) normal geometry, normal RWT and LVMI; (ii) concentric 
remodeling, increased RWT and normal LVMI; (iii) eccentric 
hypertrophy, normal RWT!" and LV hypertrophy; and (iv) 
concentric hypertrophy, LV hypertrophy and RWT [25]. 

The LV ejection fraction (LVEF) was calculated either by 
modified Simpson's method using the apical 4-chamber view, 
designated LVEF-Simpson, or by the Teichholz' formula, 
designated LVEF-Teichholz [26]. LVEF-Simpson data were 
available for 103 patients (89%). The ratio of the peak velocity 
of early filling (E) to the early peak diastolic mitral annulus velocity 
obtained at the septal and lateral annulus (e') was measured using 
pulsed wave tissue Doppler imaging. Among the 1 1 6 study, 
patients 92 (79%) had sinus rhythm, 17(15%) had atrial fibrillation 
rhythm, and the remaining 7 (6%) had pacemaker rhythm. The 
value of E/ e', which was used as an index for diastolic LV function 
for patients with sinus rhythm, was available for 51 patients (55%) 
of the 92 patients with sinus rhythm. 

Statistical Analysis 

Baseline characteristics were assessed with standard descriptive 
statistics. Data were expressed as either mean ± standard 
deviation or median and interquartile range. A Spearman rank 
correlation test was used to assess the correlation between two 
variables. For multivariate analysis, multivariate linear regression 
and multivariate logistic regression analyses were used to examine 
the relationship with, respectively, LVMI and LV hypertrophy. 
Log-transformed FGF23 (log[FGF23]) and intact PTH 
(log[iPTH]) were confirmed to be normally distributed by the 
Kolmogorov-Smirnov test. Data analysis was performed by IBM 
SPSS statistics version 21.0 (SPSS, Chicago, IL). A value of 
P<0.05 was taken to be statistically significant. 

Results 

Patient Characteristics 

Among the 138 male patients, the median UA level was 
5.9 mg/ dL. Neither age nor body mass index differed significantiy 
among the four UA quartUe groups (Table 1). Ischemic heart 
disease (IHD) was the most common cardiovascular condition (75/ 
1 16, 65%). Eighty seven (75%) patients were taking at least one of 
the following medications: angiotensin com'crting (mzyme inhib- 
itor, angiotensin II receptor blocker, beta adrenergic blocker, or 
calcium channel blockers; the prevalence of taking medication did 
not significantiy differ among the UA quartile groups. Treatment 
with loop diuretics was more prevalent in the higher UA quartiles. 
Twenty four patients (21%) were taking diurc-tics that may affect 
serum UA (loop and/ or thiazide diuretics); one patient was taking 
both classes of diuretic. Among 40 patients (34%) diagnosed to 
have diabetes, 29 were being treated with anti-diabetic medica- 
tions, and the remaining 1 1 were diagnosed by their patient 
history and/ or laboratory findings. Because oral glucose challenge 
test is not included as a routine examination on admission, 
however, the prevalence of diabetes may have been underesti- 
mated. 

Serum UA and Laboratory and Echocardiographic 

Parameters 

Laboratory and echocardiographic data were compared across 
the UA quartile groups by the Kruskcd-WaHis test (Table 2). Serum 
creatinine increased in accordance with the UA value. Among the 
parameters related to calcium-phosphate metabolism, intact PTH 
was highest among patients in the top UA quartiles. LVMI was 
higher in the third and fourth UA quartile; on the other hand. 
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Table 1. Demographic characteristics of the study patients. 







First UA quartile 


Second UA quartile 


Tliird UA quartile 


Fourth UA quartile 




Variables 


(n = 28) 


(n = 30) 


(n = 29) 


(n = 29) 


P Value 


Uric acid, median (range) mg/dL 


4.3 (2.8-4.9 ) 


5.3 (5.0-5.8) 


6.2 (5.9-6.8) 


7.6 (6.9-1 1 .0) 


<0.001 


Age, years 


64.4±12.6 


66.6±13.3 


64.4 ±11. 2 


64.7 ±11.3 


0.871 


Body mass index, l<g/m^ 


23.4±2.9 


23.4±2.9 


23.4±3.0 


23.3±4.1 


0.776 


Systolic blood pressure, mmHg 


129±19 


129±20 


129±19 


125±18 


0.646 


Pulse rate, bpm 


73±14 


70±11 


73±13 


76±25 


0.500 


Past History 


previous PCI 


15 (53.6) 


11 (36.7) 


14 (48.3) 


1 0(34.5) 


0.399 


previous CABG 


2 (7.1) 


4 (13.3) 


0 (0.0) 


1 (3.4) 


0.166 


Cardiovascular 


Ischemic heart disease, n (%) 


21 (75.0) 


19 (63.3) 


18 (62.1) 


17(58.6) 


0.597 


Arrhythmic disease, n (%} 


6 (21.4) 


7 (23.3) 


8 (27.6) 


4 (13.8) 


0.634 


Cardiomyopathy, n (%) 


2 (7.1) 


1 (3.3) 


3 (10.3) 


1 (3.4) 


0.628 


NYHA class lll/IV, n (%) 


1 (3.6) 


1 (3.3) 


4 (13.8) 


6 (20.7) 


0.082 


Aortic aneurysm, n (%} 


1 (3.6) 


3 (10.0) 


0 (0.0) 


3 (10.3) 


0.268 


Peripheral artery disease, n (%) 


1 (3.6) 


6 (20.0) 


2 (6.9) 


1 (3.4) 


0.074 


Valvular heart disease, n {%) 


0 (0.0) 


1 (3.3) 


4 (13.8) 


3 (10.3) 


0.148 


Cardiac rhythm 


Sinus rhythm, n (%) 


22 (78.6) 


24 (80.0) 


23 (79.3) 


23 (79.3) 


0.996 


Atrial fibrillation, n (%) 


5 (17.9) 


4 (13.3) 


4 (13.8) 


4 (13.8) 




Pace maker rhythm, n {%) 


1 (3.6) 


2 (6.7) 


2 (6.9) 


2 (6.9) 




Smoking status 


Never, n (%) 


5 (17.9) 


5 (16.7) 


7 (24.1) 


4 (13.8) 


0.912 


Former, n (%) 


18 (64.3) 


20 (66.7) 


15 (51.7) 


19 (65.5) 




Current, n (%) 


5 (17.9) 


5 (16.7) 


7 (24.1) 


6 (20.7) 




Medication 


ACE inhibitors/ARB, n (%) 


14 (50.0) 


13 (43.3) 


18 (62.1) 


18 (62.1) 


0.380 


Beta blockers, n (%) 


7 (25.0) 


6 (20.0) 


16 (55.2) 


14 (48.3) 


0.011 


Calcium channel blockers, n (%) 


10 (35.7) 


11 (36.7) 


14 (48.3) 


1 3 (44.8) 


0.716 


Sulfonylurea, n (%) 


6 (21.4) 


2 (6.7) 


3 (10.3) 


4 (13.8) 


0.387 


DPP4 inhibitors, n (%) 


3 (10.7) 


2 (6.7) 


4 (13.8) 


1 (3.4) 


0.518 


Insulin, n (%) 


1 (3.6) 


3 (10.0) 


1 (3.4) 


2 (6.9) 


0.680 


Statin, n (%) 


1 3 (46.4) 


16 (53.3) 


14 (48.3) 


11 (37.9) 


0.693 


Fibrate, n (%) 


0 (0.0) 


0 (0.0) 


1 (3.4) 


0 (0.0) 


0.388 


Loop diuretics, n (%) 


3 (10.7) 


1 (3.3) 


5 (17.2) 


12 (41.4) 


0.001 


Thiazide diuretics, n (%) 


0 (0.0) 


0 (0.0) 


3 (10.3) 


1 (3.4) 


0.102 


Aldosterone antagonist, n (%) 


2 (7.1) 


0 (0.0) 


2 (6.9) 


5 (17.2) 


0.102 



UA, uric acid; PCI, percutaneous coronary intervention; CABG, coronary artery bypass surgery; ACE, angiotensin converting enzyme; ARB, angiotensin II receptor 
blockers; DPP4, dipeptidyl peptidase-4. 
doi:1 0.1 371 /journa!.pone.0082735.t001 



RWT did not significantly difi^er among the groups (Table 2). The 
correlation coefficient between LVEF-Simpson and LVEF-Teich- 
holz was 0.564 (P<0.001). Either LVEF-Simpson or LVEF- 
Teichholz differed significantly between the groups. LVEF- 
Teichholz was significantiy smaller in the highest UA quartile 
than in the lower three UA quartUes (P = 0.029). We did not 
regard this as a true difference, however, because (i) such a 
relationship was not observed when LVEF-Simpson was used 
instead, and (ii) LVEF determined by the Teichholz' formula may 
be less accurate when applied to a population that includes 
subjects who have abnormal regional LV wall motion, such as the 



current study population. E/e' in the patients with sinus rhythm 
was not different among UA quartile groups. 

By Spearman's rank correlation test, serum creatinine, intact 
PTH, BNP, and LVMI were positively, and eGFR was negatively, 
associated with serum UA (Table 3). LVEF-Teichholz, but not 
LVEF-Simpson, showed a significant correlation with serum UA. 
Serum UA was correlated significantly with LVMI in 75 patients 
with ischemic heart disease (R = 0.261, P = 0.024) and in 41 
patients without (R = 0.327, P = 0.037). Serum UA was correlated 
with LVMI significandy in 40 patients with diabetes (R = 0.398, 
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P = 0.011) and in 76 patients without diabetes (R = 0.253, 
P = 0.028). 

Multivariate Analysis 

Multivariate linear regression model showed that serum UA was 
significantiy associated with LVMI after adjustment for age (Table 
4, model 1), and this association remained significant after further 
adjustment for blood pressure and cGFR (model 2), and serum 
calcium-phosphate metaboHsm-related parameters (cCa, IP, intact 
PTH, and FGF23) (model 3). The strength of the association was 
not attenuated when model 3 was applied to patients who were not 
taking either loop or thiazide diuretics; however, this model was 
not significant (P>0.05) when applied to patients taking these 
diuretics. We did not include 25(OH)D in the model because it did 



not have a significant correlation with UA (Table 3) or with LVMI 
by univariate analysis (standardized P = 0.071, P=0.455). 

Next, we analyzed the association of age, high blood pressure 
(systolic blood pressures 140 mmHg and/ or diastolic blood 
pressureS90 mmHg), chronic kidney disease (eGFR<60 mL/ 
min.1.73 m^), UA, intact PTH, and FGF23 with LV hypertrophy 
by multivariate logistic regression analysis. We included FGF23 in 
this model because we previously found a significant association 
between FGF23 and LVMI in cardiac patients [19]. Log(UA) was 
found to be significantiy associated with LV hypertrophy with an 
odds ratio of 2.79 (95% CI 1.47-5.28, per 1 SD increase) in tiie 
whole study population, and with an odds ratio of 4.42 (95% CI 
1.66-11.77, per 1 SD increase) in patients who were not taking 
either loop or thiazide diuretics (Figure 1). Next, eccentric LV 
hypertrophy or concentric LV hypertrophy was used as a 



Table 2. Laboratory and echocardlographic data. 







First UA quartile 


Second UA quartile 


Third UA quartile 


Fourth UA quartile 




Variables 


(n = 28) 


(n = 30) 


(n = 29) 


(n = 29) 


P Value 


White blood cell count, xloVfiL 


5.58(4.49-6.58) 


5.51 (4.98-6.78) 


6.27 (4.89-7.15) 


6.12 (4.95-7.41) 


0.440 


Hemoglobin, g/dL 


14.3 (12.9-15.0) 


13.8 (12.8-14.9) 


14.5 (13.2-15.3) 


13.4 (12.2-14.4) 


0.103 


Platelet count, xlO^/fiL 


19.7 (16.8-22.5) 


22.3 (17.0-25.5) 


21.0 (16.6-25.3) 


21.4 (19.2-25.1) 


0.563 


Total protein, g/dL 


6.8 (6.5-7.3) 


7.1 (6.9-7.3) 


6.8 (6.4-7.2) 


6.9 (6.8-7.2) 


0.146 


Albumin, g/dL 


4.1 (3.8-4.3) 


4.1 (3.8-4.3) 


3.9 (3.7-4.2) 


3.9 (3.7-4.1) 


0.301 


Alanine aminotransferase, lU/L 


19.5 (16.0-29.5) 


24.0 (13.8-43.0) 


20.0 (15.0-28.5) 


18.0 (15.0-30.0) 


0.764 


Blood urea nitrogen, mg/dL 


16 (14-18) 


16 (13-17) 


16 (12-19) 


18 (14-22) 


0.103 


Serum creatinine, mg/dL 


0.82 (0.69-0.95) 


0.86 (0.75-0.97) 


0.90 (0.78-1.03) 


0.98 (0.82-1.27) 


0.013 


eGFR, mL/min/1.73 m^ 


52.1 (43.4-66.6) 


50.3 (42.7-63.7) 


47.8 (41.2-56.3) 


48.0 (32.8-54.4) 


0.078 


C-reactive protein, mg/dL 


0.08 (0.02-0.15) 


0.12 (0.03-0.40) 


0.05 (0.03-0.23) 


0.07 (0.04-0.47) 


0.547 


B-type natriuretic peptide, pg/mL 


23.4 (10.3-74.6) 


27.6 (14.6-55.0) 


22.7 (9.9-51.3) 


66.9 (18.7-231) 


0.120 


Corrected calcium, mg/dL 


9.2 (8.8-9.3) 


9.0 (8.8-9.3) 


9.0 (8.8-9.2) 


9.2 (9.1-9.4) 


0.183 


Inorganic phosphate, mg/dL 


3.2 (2.8-3.6) 


3.3 (2.9-3.8) 


3.3 (2.9-3.7) 


3.4 (3.0-3.8) 


0.602 




31.0(24.3-42.0) 


36.5 (30.0-43.3) 


(24.5-48.5) 


33.5-59.0) 




FGF23, pg/mL 


49.7 (33.5-80.1) 


71.9 (48.0-136) 


54.7 (28.8-73.9) 


66.6 (45.1-86) 


0.097 


25(OH) vitamin D, pg/mL {n = 114) 


24.9 (17.1-31.9) 


19.4 (16.2-23) 


20.3 (16.0-25.3) 


20.1 (18.3-25) 


0.152 


Echocardlographic data 


LVDd, mm 


4.9 (4.5-5.3) 


4.8 (4.5-5.3) 


4.8 (4.7-5.3) 


5.4 (4.9-6.1) 


0.036 


LVDs, mm 


3.1 (2.9-3.6) 


3.0 (2.7-3.5) 


3.2 (2.9-3.7) 


3.5 (3.0-4.7) 


0.054 


IVST, mm 


0.9 (0.9-1.0) 


1.0 (0.9-1.1) 


1.0 (0.9-1.1) 


1.0 (0.9-1.1) 


0.267 


PWT, mm 


1.0 (0.9-1.0) 


1.0 (0.9-1.1) 


1.0 (0.9-1.1) 


1.0 (0.8-1.1) 


0.523 


LV mass index, g/m^ 


100 (83-109) 


98 (81-124) 


100 (88-116) 


123 (92-154) 


0.022 


Relative wall thickness 


0.41 (0.35-0.43) 


0.39 (0.35-0.48) 


0.41 (0.36-0.44) 


0.37 (0.30-0.45) 


0.544 


LVEF-Simpson, % {n = 103) 


59 (51-64) 


62 (54-65) 


60 (56-64) 


60 (41-66) 


0.870 


LVEF-Teichholz, % 


65 (56-70) 


63 (59-73) 


62 (58-69) 


59 (44-68) 


0.176 


Left atrial dimension, mm 


4.0 (3.2-4.5) 


3.8 (3.3-4.1) 


3.9 (3.6-4.5) 


4.0 (3.6-4.5) 


0.400 


E/e' (n = 51) 


8.9 (6.4-10.3) 


7.8 (6.2-10.4) 


8.1 (6.5-10.7) 


10.8 (8.0-13.0) 


0.314 


Left ventricular geometry 


Normal 


20 (71.4) 


15 (50.0) 


19 (65.5) 


9 (31.0) 


0.022 


Concentric remodeling, n (%) 


5 (17.9) 


6 (20.0) 


3 (10.3) 


3 (10.3) 




Eccentric hypertrophy, n (%) 


3 (10.7) 


5 (16.7) 


4 (13.8) 


12 (41.4) 




Concentric hypertrophy, n (%) 


0 (0.0) 


4 (13.3) 


3 (10.3) 


5 (17.2) 





LVDd, left ventricular end-diastolic dimension; LVDs, left ventricular end-systolic dimension; IVST, interventricular septal thickness; PWT, posterior wall thickness; LVEF, 
left ventricular ejection fraction. 
doi:l 0.1 371 /journal.pone.0082735.t002 
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Table 3. Spearman's correlation coefficients for the 
association with serum UA. 





R 


P value 


Age 


-0.13 


0.169 


Body mass index 


-0.02 


0.854 


Systolic blood pressure 


-0.01 


0.896 


Serum creatinine 


0.27 


0.003 


eGFR 


-0.20 


0.028 


B-type natriuretic peptide 


0.18 


0.047 


Corrected calcium 


0.04 


0.680 


Inorganic phosphate 


0.09 


0.335 


Intact parathyroid hormone 


0.34 


<0.001 


FGF23 


0.07 


0.482 


25(OH) vitamin D, pg/mL (n = 114) 


-0.10 


0.298 


LV mass index, g/m^ 


0.30 


0.001 


Relative wall thickness 


-0.16 


0.092 


LVEF-Simpson, % (n = 103) 


-0.03 


0.752 


LVEF-Teichholz, % 


-0.21 


0.022 


Left atrial dimension, mm 


0.14 


0.130 


E/e' (n = 51) 


0.15 


0.279 



LVEF, left ventricular ejection fraction. 
doi:1 0.1 371/journal.pone.0082735.t003 



dependent variable in place of LVMI in a model using the same 
independent variables. Log(UA) was significandy associated with 
eccentric LV hypertrophy with an odds ratio of 2.51 (95% CI 
1.27-4.94, per 1 SD increase, P = 0.008), but in this model, the 
association between log(UA) and concentric LV hypertrophy did 
not reach statistical significance (odds ratio 1.72 [95% CI 0.74- 
4.01], per 1 SD increase, P = 0.206). 

Discussion 

In the current study, we investigated whether the relationship 
between serum UA and LV hypertrophy, if present at all, is 
independent of serum intact PTH, which may be associated with 



serum UA. In fact, intact PTH was significantly correlated with 
UA with a correlation coefficient of 0.335 (P<0.001). Both UA 
and intact PTH were associated with LV hypertrophy by 
univariate analysis. The association between serum UA and 
LVMI, and that between serum UA and LV hypertrophy were 
shown to be independent of serum intact PTH and other possible 
confounders, including age, blood pressure, renal function (eGFR), 
by linear regression and logistic regression analyses, respectively. 

To date, several studies have investigated the association 
between serum UA and LV hypertrophy. It is also important to 
determine whether the observed association, if present, is 
dependent or independent of other possible confounding variables 
because higher serum UA levels may be associated with 
hypertension, renal dysfunction, diabetes, conditions which are 
also related to LV hypertrophy [27,28]. For example, in an 
analysis of 3305 essentially healthy male individuals, Mitsuhashi et 
al. showed that individuals with UA values of 6.6-11.0 mg/dL 
had an increased prevalence of LV hypertrophy, which was 
independent of age, body mass index, serum creatinine, hyper- 
tension, diabetes and hyperlipidemia [2]. In that study, unlike in 
the current one, electrocardiographic criteria were used for the 
determination of LV hypertrophy. In addition, Viazzi et al. 
demonstrated that the association between serum UA and cardiac 
hypertrophy remained significant after adjustment for body mass 
index, age, creatinine clearance, and high-density lipoprotein 
cholesterol in middle-aged untreated female patients with essential 
hypertension [8] . In the Framingham Offspring Cohort, Krishnan 
et al. also found a significant association between serum UA and 
LV wall thickening, however, the observed association lost 
statistical significance after multivariate adjustment [1]. Little 
seems to be known about the mechanism, if there is one, by which 
UA induces myocardial hypertrophy; possibilities may include 
activation of the renin-angiotensin system, enhanced production of 
reactive oxygen species, and upregulation of endothlin-1 expres- 
sion [29,30]. 

Similar to the case of serum UA, the relationship between PTH 
and LV hypertrophy has been examined in several previous 
studies. Fujii et al. reported that a relationship between intact PTH 
and LV hypertrophy in patients with chronic dialysis may be 
observed only when intact PTH levels are extremely high [12] . On 
the other hand, higher PTH concentrations were associated with 
greater LV mass in an older-aged community-dwelling cohort 



Table 4. Multivariate linear regression analysis examining the association between various parameters and left ventricular mass 
index. 







Model 1 




Model 2 




Model 3 




Diuretics (-) 




Diuretics (+) 






= 0.146 




R^ = 0.167 




R^ = 0.278 




R^ = 0.333 








Predictors 


Std p 


P value 


Std p 


P value 


Std p 


P value 


Std p 


P value 


Std p 


P value 


log(UA) 


0.35 


<0.001 


0.35 


< 0.001 


0.24 


0.011 


0.28 


0.006 


-0.07 


0.817 


Age 


0.21 


0.018 


0.18 


0.072 


0.16 


0.083 


0.14 


0.156 


0.45 


0.202 


Systolic blood pressure 






0.15 


0.098 


0.18 


0.039 


0.32 


0.001 


0.18 


0.468 


eGFR 






0.01 


0.906 


0.06 


0.554 


0.08 


0.445 


0.48 


0.096 


log(cCa) 










-0.03 


0.713 


0.08 


0.411 


-0.26 


0.224 


log(IP) 










0.19 


0.031 


0.23 


0.020 


0.29 


0.238 


log(iPTH) 










0.25 


0.008 


0.23 


0.024 


0.16 


0.440 


log(FGF23) 










0.14 


0.114 


-0.01 


0.954 


0.48 


0.061 



Std p, the standardized correlation coefficient. Diuretics indicate medication with loop and/or thiazide diuretics. 
doi:l 0.1 371/journa!.pone.0082735.t004 
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B 



Odds ratio for LV hypertrophy 
012345678 



Age, per ISD 
High blood pressure 
Chronic kidney disease 
Log(UA), per ISD 
Log(iPTH), per ISD 
Log(FGF23), per ISD 



Odds ratio for LV hypertrophy 
012345678 



Age, per ISD 
High blood pressure 
Chronic l<idney disease 
Log(UA), per ISD 
Log(iPTH), perl SD 
Log(FGF23), per ISD 



17.2 



11.8 



Figure 1. Multivariate logistic regression analysis using left ventricular (LV) hypertrophy as the independent variable. Odds ratios for 
age, log-transformed uric acid (log[UA]), intact parathyroid hormone (log[iPTH]), and FGF23 (log[FGF23]) were calculated on the basis of an increase 
in a one standard deviation (SD) for each variable. A. Whole study population (n = 116). B. Patients who were not taking loop and/or thiazide diuretics 
(n= 92). High blood pressure indicates systolic blood pressure>140 mmHg and/or diastolic blood pressure>90 mmHg, and chronic kidney disease 
indicates eGFR<60 mL/min.1.73 m^. 
doi:1 0.1 371 /journal.pone.0082735.g001 



[11], and plasma PTH was an independent predictor of LV 
hypertrophy in patients undergoing chronic hemodialysis [31]. We 
also found that serum intact PTH was positively associated with 
LV hypertrophy among cardiac patients [19]. PTH may induce 
hypertrophy of cardiomyocytes via activating MAPK pathway 
[32]. 

Several studies have described the association between serum 
UA and PTH. Serum UA levels were significantly correlated with 
intact PTH levels among patients with primary hyperparathy- 
roidism [33]. In addition, serum UA levels were associated with 
serum calcium, PTH, and 25(OH)D after adjusting for potential 
confounders among community-dwelling elderly men [15]. The 
finding that parathyroidectomy reduced serum UA [34] may be 
explained by the fact that PTH modulates serum UA mainly 
through changes in uric acid clearance [35]. On the other hand, to 
the best of our knowledge, no studies have examined whether the 
relationship observed between serum UA and LV hypertrophy is 
dependent or independent of PTH. 

In the current study, we showed that serum UA was associated 
with LV hypertrophy independently of PTH levels and other 
possible confounders, including age, high blood pressure chronic 
kidney disease, and FGF23 level, in cardiac patients. In this study 
population, PTH also showed a positive and independent 
association with LV mass. The observed relationship observed 
between UA and LV hypertrophy is not likely to be due to diuretic 
medications, which can affect serum UA levels, for patients with 
cardiac hypertrophy and heart failure, because the association 
between serum UA and LV hypertrophy was observed among 
patients who were not taking loop and/or thiazide diuretics. Due 
to the small number of the subjects who were taking aldosterone 
antagonists, we did not assess whether such drugs would modify 
the relationship between serum UA and LV hypertrophy. Along 
with the measurement of renin or aldosterone concentrations, this 
point should be examined in future studies, as it was recently 
suggested that activation of mineralocorticoid receptor and 
secretion of PTH may mutually affected [36] . 

It was found that serum UA was significantly associated with 
eccentric, but no concentric, LV hypertrophy; however, these 
assessments should be repeated among a higher number of study 



patients. We also found that serum UA was not associated with 
LVEF determined by modified Simpson's method. Whether 
patients with hitgher serum UA are more susceptible to LV 
hypertrophy than systolic dysfunction awaits evaluation in future 
studies. 

Several attempts have recently been made to evaluate whether 
reduction of UA will lead to an improvement in cardiac 
abnormalities. For example, Rekharaj et al. demonstrated that 
allopurinol regressed LV hypertrophy and improved endothelial 
function in patients with ischemic heart disease [37], and 
Szwejkowski et al. showed that allopurinol regressed LV mass in 
diabetic patients [38] . Our findings provide additional information 
on whether or not modulation of serum UA will lead to the 
amelioration of cardiac geometrical abnormalities. 

There are several limitations in the current study. First, we 
enrolled cardiac inpatients with a wide variety of cardiac 
abnormalities; therefore, whether UA represents an independent 
risk factor for LV hypertrophy in patients with a specific 
coiidition_hypertrophic cardiomyopathy, for example_requires 
further investigation. Second, we excluded patients who were 
taking UA lowering agents. Whether the association between 
serum UA and LV hypertrophy might be modified by certain UA 
lowering drugs should be assessed in future studies. 

In summary, among male cardiac patients, serum UA was 
associated with LV hypertrophy independent of intact PTH levels, 
which showed a significant correlation with serum UA, and other 
possible confounders, including blood pressure and renal fimction. 
Whether strategies leading to UA lowering would improve cardiac 
performance by decreasing LV mass in cardiology patients awaits 
further investigation. 

Acknowledgments 

We are highly appreciative of Chieko Ohta, Yumiko Ohgami, and 
Megumi ffashimoto for their excellent technical assistance. 

Author Contributions 

Conceived and designed the experiments: NI K. Shibata. Performed the 
experiments: SF K. Shibata HM. Analyzed the data: SF YO TI K. 
Sohmiya MH. Wrote the paper: NI. 



PLOS ONE I www.plosone.org 



6 



December 2013 | Volume 8 | Issue 12 | e82735 



Serum Uric Acid and LV Hypertrophy 



References 

1. Krishnan E, Hariri A, Dabbous O, Pandya BJ (2012) Hyperuricemia and the 
cchocardiographic measures of myocardial dysfunction. Congest Heart Fail 18; 
138-143. 

2. Mitsuhashi H, Yatsuya H, Matsushita K, Zhang H, Otsuka R, et al. (2009) Uric 
acid and left ventricular hypertrophy in Japanese men. CircJ 73: 667-672. 

3. Matsumura K, Ohtsubo T, Oniki H, Fujii K, lida M (2006) Gender-related 
association of serum uric acid and left ventricular hypertrophy in hypertension. 
CircJ 70: 885-888. 

4. Iwashima Y, Horio T, Kamidc K, Rakugi H, Ogihara T, ct al. (2006) Uric acid, 
left ventricular mass index, and risk of cardiovascular disease in essential 
hypertension. Hypertension 47: 19.5—202. 

5. Woodiwiss AJ, Libhaber CD, Majanc OH, Libhabcr E, Maseko M, et al. (2008) 
Obesity promotes left \'entricular concentric rather than eccentric geometric 
remodeling and hypertrophy independent of blood pressure. Am J Hypertens 21: 
1144-1151. 

6. Taddei S, Nami R, Bruno RM, Quatrini I, Nuti R (2011) Hypertension, left 

ventricular liNqiertrophy and chronic kidney disease. Heart Fail Rev 16: 615— 
620. 

7. Vernooij JVV, Cramer MJ, Visseren FL, Korndewal MJ, Bots ML, et al. (2012) 
Relation between abdominal obesity, insulin resistance and left ventricular 
hypertrophy diagnosed by electrocardiogram and magnetic resonance imaging 
in hypertensive patients. Am J Cardiol 110: 227-233. 

8. Viazzi F, Parodi D, Leoncini G, Parodi A, Falqui V, et al. (2005) Serum uric acid 
and target organ damage in primary hypertension. Hypertension 45: 991-996. 

9. Yoshitomi R, Fukui A, Nakayama M, Ura Y, Ikeda H, et al. (2013) Sex 
difTerenecs in the association between serum uric acid levels and cardiac 
hypertrophy in patients with chronic kidney disease. Hypertens Res. 

10. Pilz S, Tomaschitz A, Drechsler C, Ritz E, Boehm BO, et al. (2010) Parathyroid 
hormone level is associated w'ith mortality and cardiovascular events in patients 
undergoing coronary angiography. Eur HcartJ 31: 1591-1598. 

11. van Ballegooijen AJ, Visser M, Cotch MF, Arai AE, Garcia M, et al. (2013) 
Serum vitamin D and parathyroid hormone in relation to cardiac structure and 
funedon: the ICELAND-MI substudy of AGES-Reykjavik. J Chn Endocrinol 
Metab 98: 2544-2552. 

12. Fujii H, Kim Jl, Abe T, Umezu M, Fukagawa M (2007) Relationship between 
parathyroid hormone and cardiac abnormalities in chronic dialysis patients. 
Intern Med 46: 1507-1512. 

13. Walker MD, Reiseher JB, Di Tullio MR, Homma S, Rundek T, et al. (2010) 
Cardiac structure and diastolic function in mild primary hyperparathyroidism. J 
Clin Endocrinol Metab 95: 2172-2179. 

14. Hui JY, Choi JW, Mount DB, Zhu Y, Zhang Y, et al. (2012) The independent 
association between parathyroid hormone levels and hyperuricemia: a national 
population study. Arthritis Res Ther 14: R56. 

15. Nabipour I, Sambrook PN, Blyth FM, Janu MR, Wairc LM, et al. (201 1) Serum 
uric acid is associated with bone health in older men: a cross-sectional 
population-based study. J Bone Miner Res 26: 955-964. 

16. Saag KG, Shane E, Boonen S, Marin F, Donley DW, et al. (2007) Teriparatide 
or alendronate in glucocorticoid-induced osteoporosis. N EnglJ Med 357: 2028— 
2039. 

17. Broulik PD, Broulikova A, Adamek S, Libansky P, Tvrdon J, et al. (2011) 
Improvement of hypertension after parathyroidectomy of patients suffering from 
primary hyperparathyroidism. IntJ Endocrinol 2011: 309068. 

18. Faul C, Amaral AP, Oskouei B, Hu MC, Sloan A, et al. (201 1) FGF23 mduces 
left ventricular hypertrophy. J Clin Invest 121: 4393-4408. 

19. Shibata K, Fujita S, Morita H, Okamoto Y, Sohmiya K, et al. (20 1 3) Association 
between circulating fibroblast growth factor 23, alpha-Klotho, and the left 
ventricular ejection fraction and left ventricular mass in cardiology inpatients. 
PLos One in press. 



20. Matsuo S, Imai E, Horio M, Yasuda Y, Tomita K, et al. (2009) Revised 
equations for estimated GFR from serum creatinine in Japan. Am J Kidney Dis 

53: 982-992. 

21. Devereux RB, Reichek N (1977) Echocardiographic determination of left 
ventricular mass in man. Anatomic validation of the method. Circulation 55: 
613-618. 

22. WachteU K, BeUa JN, Liebson PR, Gerdts E, Dahlof B, et al. (2000) Impact of 
different partition values on prevalences of left ventricular hypertrophy and 
concentric geometry in a large hypertensive population : the LIFE study. 
H'ypertension 35: 6-12. 

23. Roman Mj, Pickering I'Ci, Sehw^artz JE, Pini R, Devereux RB (1996) Relation 
of arterial structure and function to left ventricular geometric patterns in 
h^'pertcnsive adults. J Am Coll Cardiol 28: 751-756. 

24. Savage DD, Garrison RJ, Kannel WB, Levy D, Anderson SJ, et al. (1987) The 
spectrum of left ventricular hypertrophy in a general population sample: the 
Framingham Study. Circulation 75: 126-33. 

25. Koren MJ, Devereux RB, Casale PN, Savage DD, Laragh JH (1 99 1) Relation of 
left ventricular mass and geometry to morbidity and mortality in uncomplicated 
essential hypertension. Ann Intern Med 114: 345—352. 

26. 'Leichholz LL, Kreulen T, Herman MV, (iorlin R (1976) Problems in 
echocardiographic volume determinations: echocardiographic-angiographic 
eorrelalions in the presence of absence of a.synerg\'. ^\mj Cardiol 37: 7—11. 

27. Agabiti-Rosei E, Muiesan ML (1998) Cardiac hypertrophy and hypertension. 
Curr Opin Nephrol Hypertens 7: 21 1-216. 

28. Eguchi K, Boden-Albala B, Jin Z, Rundek T, Sacco RL, ct al. (2008) Association 
between diabetes meUitus and left ventricular hypertrophy in a multiethnic 
population. AmJ Cardiol 101: 1787-1791. 

29. Yu MA, Sanchez-Lozada LG, Johnson RJ, Kang DH (2010) Oxidative stress 
with an activation of the renin-angiotensin system in human vascular endothelial 
cells as a novel mechanism of uric acid-induced endothelial dysfunction. J 
Hypertens 28: 1234-1242. 

30. Chen CC, Hsu YJ, Lee TM (2011) Impact of elevated uric acid on ventricular 
remodeling in infarcted rats with experimental hyperuricemia. Am J Physiol 
Heart Circ Physiol 301: H1107-1117. 

31. Randon RB, Rohde LE, Comerlato L, RibeiroJP, Manfro RC (2005) The role 
of secondary hyperparathyroidism in left ventricular hypertrophy of patients 
under chronic hemodidysis. Braz J Med Biol Res 38: 1409-1416. 

32. Liu X, Xie R, Liu S (2008) Rat parathyroid hormone 1-34 signals tiirough the 
MEK/ERK pathway to induce cardiac hypertrophy. J Int Med Res 36: 942- 
950. 

33. Valdemarsson S, Lindblom P, Bergenfelz A (1998) Metabolic abnormalities 
related to cardio\'ascular risk in ];)rimary hyperparathyroidism: effects of surgical 
treatment. J Intern Med 244: 241-249. 

34. Ishay A, Herer P, Luboshitzky R (201 1) Effects of successful parathyroidectomy 
on metabolic cardiovascular risk factors in patients with severe primary 
hyperparathyroidism. Endocr Pract 17: 584-590. 

35. Yoneda M, Takatsuki K, Tomita A (1983) [Parathyroid function and uric acid 
metabolism]. Nihon Naibunpi Gakkai Zasshi 59: 1738—1751. 

36. Tomaschitz A, Ritz E, Pieske B, Fahrleitner-Pammer A, Kienreich K, et al. 
(2012) Aldosterone and parathyroid hormone: a precarious couple for 
cardiovascular disease, (lardiovasc Res 94: 10-19. 

37. Rekhraj S, Gandy SJ, Szw^ejkowski BR, Nadir MA, Noman A, et al. (2013) 
High-dose allopurinol reduces left ventricular mass in patients with ischemic 
heart disease. J Am Coll Cardiol 61: 926-932. 

38. Szwejkowski BR, Gandy SJ, Rekhraj S, Houston JG, Lang CC, et al. (2013) 
Allopurinol Reduces Left Ventricular Mass In Patients Willi Type 2 Diabetes 
And Left Ventricular Hypertrophy. J Am Coll Cardiol. 



PLOS ONE I www.plosone.org 



7 



December 2013 | Volume 8 | Issue 12 | e82735 



